The concept of a 'human nature' or 'human natures' retains a central role in theorizing about the human experience. In Homo sapiens it is clear that we have a suite of capacities generated via our evolutionary past, and present, and a flexible capacity to create and sustain particular kinds of cultures and to be shaped by them. Regardless of whether we label these capacities 'human natures' or not, humans occupy a distinctive niche and an evolutionary approach to examining it is critical. At present we are faced with a few different narratives as to exactly what such an evolutionary approach entails. There is a need for a robust and dynamic theoretical toolkit in order to develop a richer, and more nuanced, understanding of the cognitively sophisticated genus Homo and the diverse sorts of niches humans constructed and occupied across the Pleistocene, Holocene, and into the Anthropocene. Here I review current evolutionary approaches to 'human nature', arguing that we benefit from re-framing our investigations via the concept of the human niche and in the context of the extended evolutionary synthesis (EES). While not a replacement of standard evolutionary approaches, this is an expansion and enhancement of our toolkit. I offer brief examples from human evolution in support of these assertions.
The concept of a 'human nature' or 'human natures' retains a central role in theorizing about the human experience. In Homo sapiens it is clear that we have a suite of capacities generated via our evolutionary past, and present, and a flexible capacity to create and sustain particular kinds of cultures and to be shaped by them. Regardless of whether we label these capacities 'human natures' or not, humans occupy a distinctive niche and an evolutionary approach to examining it is critical. At present we are faced with a few different narratives as to exactly what such an evolutionary approach entails. There is a need for a robust and dynamic theoretical toolkit in order to develop a richer, and more nuanced, understanding of the cognitively sophisticated genus Homo and the diverse sorts of niches humans constructed and occupied across the Pleistocene, Holocene, and into the Anthropocene. Here I review current evolutionary approaches to 'human nature', arguing that we benefit from re-framing our investigations via the concept of the human niche and in the context of the extended evolutionary synthesis (EES). While not a replacement of standard evolutionary approaches, this is an expansion and enhancement of our toolkit. I offer brief examples from human evolution in support of these assertions.
A human nature?
What, if anything, distinguishes humans from other animals? How are the psychological and biological traits that contemporary humans possess related to those of their long-dead ancestors? Answers to these questions have often been framed under the rubric of a search for a 'human nature'. However, experts from across a diverse range of disciplines disagree on what 'human nature' is, what it could be, or even if there is one [1] [2] [3] . Many evolutionary biologists, such as Laland & Brown [4] , view attempts at describing 'human nature' as overly simplistic and as antithetical to contemporary understandings of organismal biology. At the same time, other evolutionary scientists, such as van Schaik & Cartmill [5] , see a benefit in describing a 'unique human nature' that is distinct from a 'primate nature' or 'ape nature'. Many anthropologists engaged with evolutionary perspectives, Ingold & Sussman [3] for example, maintain that researching human nature is a quest based on questionable philosophical and methodological assumptions as human cultures and behaviours are too diverse to be explained by invoking an innate, universal 'nature'. Yet for many scholars, from across a range of disciplines, and much of the lay public 'human nature' is a cornerstone in the philosophical quest and the scientific study of humanity (see [2, 3] for extensive reviews of these perspectives).
One emerging compromise position is a path in which we do not identify human nature as a set of innate cognitive or genetic mechanisms but rather as a suite of potentials generated from our evolutionary history, and present, and our flexible capacity to create and sustain human cultures and to be shaped by them: in short, describing and assessing the actions of evolutionary processes and patterns in the human niche [6] . Such a niche, as with all organisms, consists of the spatial, ecological and social sphere including social partners, structural ecologies, other species and the larger population. However, in examining the human niche we also include the contexts created by the perceptual/behavioural patterns developed and reinforced via hyper-complex manipulation of extra-somatic materials/ecologies, a particularly information-rich (and malleable) communication system, and the full range of complex pressures/affordances introduced by the patterns and modalities of human cultures. In such an approach we are seeking to understand the distinctive patterns and potentialities in human capacities, rather than a single outline that delineates, in near-complete detail, the human experience [6] . This is the perspective explored in this article.
Evolution and human nature(s)
Across the Pleistocene (the last approximately 2.5 million years) the genus Homo (the human lineage) underwent increases in brain size and complexity, developed an extreme extended childhood period, and created increasingly complex social structures [5] . During this time members of the genus Homo constructed a niche involving expanded innovation and increased use of extra-somatic materials in a dynamic feedback between action, perception and neural structures, which in turn altered the potentials for information acquisition and problem solving [6] . The past five centuries have seen enormous investment in empirical and philosophical research on this history of our genus, this human niche, and on our specific species with a particular focus on the origins of the mind/brain/consciousness, and of human culture (reviewed in [2, 3] ). While there is no single 'best' discourse on human nature across disciplines, many social and most biological scientists would agree that an evolutionary approach to understanding humans' distinctive histories is valuable. However, at present we are faced with a few different narratives as to exactly what such an approach entails.
On the one hand there is what we can call the 'standard evolutionary approach' rooted in the neo-Darwinian paradigm developed over the last 160þ years and refined extensively in the last 40. The standard evolutionary approach defines biological evolution as changes in the frequency of DNA sequences in a population across generations, with a focus on four specific processes: natural selection, genetic drift, mutation and gene flow. Natural selection is the process that sorts biological variants such that over time those variants that enhance fitness become highly prevalent in subsequent generations (adaptation) [7] . In this approach, in regards to human evolution, the actions of natural selection and the resultant functional impacts are the key to the origins and selective mechanisms/histories of evolutionarily relevant human traits.
On the other hand there is what we might term an 'integrated evolutionary approach' that extends the standard evolutionary theoretical and methodological toolkit via the extended evolutionary synthesis (EES) [8] . The EES focuses on expanding beyond the selection focused standard approach to include the processes of niche construction, ecological inheritance and multiple modes of inheritance in evolutionary inquiry. The EES retains the fundaments of evolutionary theory, but emphasizes constructive processes in development and evolution, and reciprocal portrayals of causation. In the EES, 'developmental processes, operating through developmental bias, multiple modes of inheritance and niche construction, share responsibility for the direction and rate of evolution, the origin of character variation and organismenvironment complementarity' [8] . Such an approach expands explanatory options for the investigation of human evolution by incorporating and/or considering how human memory and social learning could influence evolutionary trajectories.
Laland & Brown [4] , arguing from within the EES context, suggest that the term 'human nature' is not useful and is best replaced with descriptions of human behaviour and/or human cognition that are seen as the products of 'socially mediated internal and external constructive processes operating over both developmental and evolutionary timescales'. Alternatively, the palaeoanthropologist Cartmill [5] , arguing from the standard evolutionary approach, calls for the need to place 'human nature in an evolutionary, explicitly phylogenetic and comparative perspective'. If this is the case, then discovering something that we might term human nature(s) in an evolutionary perspective means understanding the continuities and discontinuities between humans and other organisms. Such patterns are humans' shared evolutionary histories, or 'natures', with others, and our distinctive histories since lineage-defining splits. While acknowledging the importance of substantive continuities with closely related taxa, it is via focusing on the discontinuities that our efforts to elucidate the distinctive components that characterize humans (as opposed to other mammals and primates) are enhanced. This approach illustrates that humans share, in an evolutionary sense, mammalian natures, primate natures, ape natures and, as van Schaik [5] notes, a 'uniquely human nature'. Van Schaik [5] defines this uniquely human nature as the set of traits that evolved exclusively on the hominin lineage after we became hunters and cooperative breeders and that are likely to be the result of 'grafting the prosocial motivation of the cooperative breeder on the great-ape level cognitive abilities'. Van Schaik (and many others, see [5] and references therein) also argues that there is a post-Neolithic (Holocene) supplement to human nature that can be termed 'the novel expression of human nature. . .that arose due to the rapid and unprecedented post-Neolithic changes in subsistence and social organization, driven mainly by accelerated cultural evolution and gene-culture coevolution' [5] .
Here I propose a clarification of how we can think about evolutionary approaches to human behaviour, culture and cognition, whether we call them 'natures' or not. In this review I illustrate the rationale for, and benefits of, an integrated evolutionary approach, including the EES, and a more comprehensive and anthropologically informed conceptualization of human culture. I argue not that humans have a 'nature' and other organisms do not, but rather that an integrated evolutionary understanding of humans requires recognition of several distinctive characteristics, resulting from specific processes and patterns in the human lineage since the last common ancestor with the other apes. I offer this not as an argument that humans are unique, or that different evolutionary processes function on humans relative to other organisms, but rather that the particularities of human evolutionary histories, and human contemporary biology/ ecology (the human niche), offer a specific set of complexities and that the broader evolutionary toolkit of the EES presents a robust context in which to assess them.
The standard evolutionary approach and the problem of human culture
In the standard evolutionary approach, examining behaviour in an evolutionary perspective involves a clear distinction rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 between proximate and ultimate causes (a position developed by Mayr [9, 10] and expanded on by multiple scholars (e.g. [11] )). Proximate causes are mechanisms and developments that emerge from intrinsic motivations and responses to extrinsic stimuli and can be divided into two forms: immediate causal mechanisms and developmental pathways. Ultimate causes are those of greater relevance in evolutionary 'human natures' questions as they reflect the effects of natural selection and are thus statements about the fitness, functional impact, origins and selective mechanisms/histories of the traits in question. The standard evolutionary approach seeks to identify key biological and behavioural processes in humans and explain them using models that focus on a proximate/ultimate distinction with natural selection as the primary process shaping relevant traits (but see [12, 13] ). However, effectively understanding distinctive processes in the evolution of human behaviour and morphology proves quite difficult to comprehensively explain using this approach for two key reasons: human culture [14, 15] and particularly complex human life-history patterns [16, 17] .
At this point it is important to note that if 'culture' is defined as behaviour transmitted via social facilitation and learning from others, which endures for long enough to generate customs and traditions, then many species have culture [18] [19] [20] . In many species culture and cultural evolution are significant phenomena in that they emerge from processes of biological evolution but can develop such that they supplement genetic transmission with social transmission and can play central roles in shaping the behaviour, ecology, and even biology, of populations [18, 19, 21] . However, when considering human culture here, I am speaking specifically about patterns and processes that characterize human behaviour and society, and this includes many processes that are measurably different in scale and impact than in most other species. For humans, cultural elements include massive extra-somatic material creation, manipulation and use (tools, weapons, clothes, buildings, towns, etc.) and extensive ratcheting (expansion and augmentation of cultural processes based on accumulation and innovation) on scales and with a level of structural and material complexity greater than in other organisms. Additionally, the actions involved in developing and using human culture are rooted in the linguistically mediated beliefs, institutions, histories and practices of human groups. While all species' cultural patterns can potentially influence their evolutionary processes, in humans culture is a ubiquitous primary component, and potential driver, of such processes [5, 6, 14, 15, 18, [22] [23] [24] .
Human life-history patterns involve a substantially extended childhood and developmental period, with birth occurring extremely early in the development of neurobiological and motor systems, which is likely to be related to the enhanced complexity, and long duration, of cultural acquisition in humans [16, 17, 25] . Other species with more extensive cultural/social-behavioural complexity also exhibit extended juvenility life-history patterns (e.g. apes, cetaceans, elephants) but rarely to the extent seen in humans. The human life-history pattern creates a more central and extensive role for social learning and neurobiological plasticity than in most other species [17, 18, 20] .
Human cultures are perceptual, material and behavioural and shared across space and time. They are symbolic, linguistic, dynamic and experienced both communally and individually by their members. But human cultures are more than materials, perceptions, beliefs and behaviours-they are also rules, organizations, etc.. . . with concrete structures and specified consequences. Human cultural systems are interlaced with patterns of social constraint and facilitation that move beyond social hierarchies and dominance relationships, and represent complex multifarious structures and processes that have specific political and economic histories, inherited ecologies (material, perceptual and symbolic) and institutions [24] . It is the scale and complexity in, not the presence of, cultural patterns and processes that represents a distinctly human set of behavioural and ecological contexts relative to other animals. Given the characteristics of human culture and its central role in human evolution it can be quite difficult to effectively analyse via the standard evolutionary approach, with its primary focus on natural selection as the core driver in explanatory models for the appearance of complex, potentially adaptive, patterns. The challenge to understand the human, in an evolutionary sense, is the challenge to develop a model that integrates the influences of history, biology, culture, language and institutions in the human experience and offers a toolkit that enables connecting these processes with evolutionary outcomes.
The two main ways the issue of human cultural complexity has been dealt with within the standard evolutionary approach are the evolutionary psychology approach and various versions of the cultural evolution approach [22] . At its core evolutionary psychology argues that behind the huge variety of human cultures there lies an adapted universal psychology that guides and constrains the range of expressions of human thinking and behaviour. In this view the various aspects of human universal psychology (our nature) are reflective of adaptations to the challenges that humans confronted in their Pleistocene environment (with some ongoing evolutionary response to contemporary ecologies) [26] . There are extensive critiques of this position over the past two decades and the majority of evolutionary scholars do not ascribe to it currently so I will not engage with it directly here (see [27, 28] for an overview of the contemporary evolutionary psychology discourse).
Cultural evolutionary approaches remain in broad usage in efforts to tackle the conundrums poised by human culture. Lewens [22] refers to the main contemporary cultural evolution approaches as selectionist and kinetic. In both categories cultural processes are seen as being affected and shaped by evolutionary forces (natural selection, genetic drift, gene flow and mutation). However, selectionists assume that cultural variants/components are engaged in a competitive struggle for existence, in the same way that biological traits are in a Darwinian natural selection model. The kinetic approach is a broader neo-Darwinian approach wherein selection, drift and population-level processes are all involved as opposed to exclusive trait-based competition as the central driver of change.
The three dominant kinetic approaches that address the human natures issue are dual-inheritance theory [15] , cultural group selection [29] , and the general human cultural evolution model [5, 30] . These approaches seek to understand how biologically based processes (anatomical or physiological traits tied to patterns of DNA sequence variation) interact with cultural dynamics to produce the contents and direction of cumulative cultural evolution in humans [30, 31] . A common assumption in these models is that culture and biology evolve under relatively similar neo-Darwinian evolutionary forces, with some recent inclusion of the possibility that other rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 evolutionary processes (e.g. aspects of the EES) are also at play [22, 29] .
In the majority of cultural evolutionary approaches human culture is characterized as a system composed of heritable, potentially competing, variants and patterns: culture is often modelled as a composite of traits and beliefs. Such approaches tend to see cultural evolution as fundamentally neo-Darwinian in its basic structure with culture variants/processes (expressed at individual or at group levels) being the targets of selection (and subject to drift and flow) [14, 23, 25] .
Researchers infer from such models that the evolutionary relevant aspects of 'culture', those that might inform us most about human nature(s), reflect or are derived from some form of culturally adaptive (and on occasion biologically maladaptive) patterns.
Such standard evolutionary explanations, even when deployed in modelling cultural in addition to biological evolution, are increasingly seen as necessary but not sufficient for explaining observed patterns, due to the complexity of the interfaces, and entanglements, between cultural and biological processes in humans [22, 32] . Consider the following:
A foetus is formed via the interactions between the genes and developmental processes, laying the baseline for body and behaviour. . .it is exposed to environmental factors such as diet and stress that shape its development and can set off epigenetic change. After birth an infant may be strapped to a cradleboard, cuddled by the father, or nursed by a number of caretakers with an impact on the physiology of both caretaker and infant. From early on, children . . .begin to embody the skills to negotiate challenging physical and social terrain. Even basic perceptions such as smell and colour are mutually shaped physiology and cultural experience. Growth and maturity are often ushered in by complex rites of passage, with social selection pressures shaping reproductive chances and outcomes and what those processes mean to the individual and the society. Humans develop in community. Adults carry out economic enterprises in niches built over generations of history. They acquire ideological outlooks that guide their motivations, goals, and loyalties. Humans learn the rules of cultural institutions while individual agents push the limits, bringing about game changes that alter niches and make history. ( [24] , and see [23, 25, [33] [34] [35] [36] [37] [38] for detailed examples of these patterns/processes) Any attempt to include the range of active processes involved in the production, maintenance and patterns that characterize the variables in the human niche must be able to accommodate, accurately, the diversity of human developmental, physiological, behavioural, perceptual and cultural action. This is not to say that standard evolutionary approaches are incorrect, rather that they are incomplete.
Under standard evolutionary approaches to human evolution and behaviour there is a focus on particular traits, behavioural and morphological (e.g. mating patterns, warfare, tool use, female menopause, male upper body size, etc.), and an attempt to connect them to specific selection histories or to develop explanations for their presence as reflective of specific adaptive benefits [15, 16, 26, 29, [39] [40] [41] . In these cases it is often the 'ultimate' question that is seen as the evolutionarily relevant one and the 'proximate' processes are the ethnographic and behavioural details that facilitate the workings of the broader system. Even when cultural traits are given 'culturally ultimate' explanatory status, the model in which they act is still analogous to a fitness-based standard evolutionary approach in a selection-dominated landscape [5, 15, 26] . Assessing the ultimate causal factors often takes the shape of assessing alternative fitness trade-off models (cultural or biological). Generally organismal 'fitness' is assumed to be lifetime reproductive output but with long-lived organisms, like humans, proxy measures are used, such as the likely effect of specific behaviours on potential lifetime reproductive success or measures of potential inclusive fitness, or simply energetic costs and benefits of the behaviours in question (with the assumption that negative balances potentially reduce fitness unless compensatory fitness benefits come from the incursion of the lost energy/effort). A concept of 'trait fitness' is also commonly deployed wherein models are constructed to estimate the potential relative fitness of a given trait (be it morphological, behavioural or cultural). The models produce proxy measures that can be used in calculating the ultimate value of the trait. In a nutshell, standard evolutionary approaches see evolutionary pressures as potential impacts on reproductive output, challenges to individuals' energy budgets (and associated health risks), and the variation in future potential fitness via individuals' actions in relation to other individuals and local environmental contexts (see overviews for these models and assumptions in [5, 15, 22, 26, 27, 40, 42] ). One can substitute 'cultural trait/process' for 'individual' in the above description for many (but not all [22] ) cultural evolution scenarios. While this approach has provided significant contributions for the construction of models and theory (especially in human behavioural ecology [5, 16, 40] ) it remains incomplete, especially when applied to the human niche [6, 32] . This is where Andersson et al. [32] , myself [6] and many others [42] [43] [44] [45] offer to expand the scope of the evolutionary question. Cultural and behavioural components of the human niche need not be modelled only as proximate or ontogenetic modifiers, or assumed to be the outcomes of specific histories of selection. Rather they might also be driving key aspects of the system. If so, processes other than natural or cultural selection may also be shaping evolutionarily relevant patterns. In the EES behavioural and symbolic inheritances are included as potentially relevant to evolutionary processes. The processes and patterns of social institutions can be modelled as local ecologies influencing behavioural options at multiple levels, and the structures of human landscapes, which have both material and perceptual pressures and topographies for the humans inhabiting them, are active agents in the mutual mutability between humans and their niches [6, 32, 42, 43] . Examining the human experience under the rubric of EES can offer options for expanding beyond 'selection-focused' standard evolutionary approaches and enable connection to a systems approach in analyses of evolutionary histories and processes (e.g. [6,8,44 -49] ).
For the remainder of this paper I summarize the evolutionary background of the genus Homo and the concept of the human niche, and offer two examples from human evolutionary history to demonstrate the benefits of adding the EES to our efforts.
Human nature(s): an evolutionary context
Foley [43] argues that there have been at least three major transitions in human evolution relevant to a conceptualization of human natures:
(1) the transition to bipedal hominin (approx. 6 -4 Ma); (2) the transition to stone tool-making forager and highquality diets; the emergence of the genus Homo (approx. 3-2 Ma); and rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 (3) the emergence of life history and behavioural/social changes underpinned by increasingly complex cultural and cognitive innovations and processes (approx. 0.5 Ma to the present).
These shifts reflect specific key transitions in the history of the human lineage broadly, but involve multiple genera and species. Where do we place the term 'human' in such a framework and how does that relate to the possibility of thinking about human natures?
What evolutionary anthropologists mean by 'human' is usually one of three groupings of hominins in the genus Homo: (i) all members of the genus Homo, (ii) members of the genus Homo from approximately 1.75 Ma that are likely to be on the line to contemporary Homo sapiens, or (iii) only anatomically contemporary Homo sapiens (who appear approximately 200 000 years ago). The genus Homo shows up in the fossil record between approximately 2.8 and 2.3 Ma and there is contention as to how early members of the genus, from approximately 2.8 to 1.75 Ma, should be classified [50, 51] . There is a growing debate as to what we can term 'distinctive' or lineage-defining traits for the early members of the Homo lineage and whether or not it makes much sense to make substantive distinctions between the evolutionarily relevant capacities and behavioural patterns of the individuals grouped under the category of early Homo from other temporally contiguous fossils assigned to the genus Australopithecus [52] .
However, from the first appearance of fossils placed into the category of Homo erectus/ergaster at approximately 1.75 Ma there is widespread agreement on the inclusion of nearly all subsequent Homo-like fossil specimens into the genus Homo, but less agreement on how many species and subspecies are represented and which ones are on the lineage that ultimately gave rise to contemporary humans, the only extant hominin lineage [53] . There is also little doubt that multiple populations not directly on the lineage to contemporary humans did contribute genetic material to [53] , and may have influenced, behavioural and ecological processes in what Foley [43] terms 'the human adaptive zone', or what I prefer to call 'the human niche' [6, 54] .
Regardless of the specific taxonomic affiliations, it is clear that there were multiple Homo populations over the middle to late Pleistocene (approximately the last 2 million years) who contributed biologically and culturally to the lineage of modern humans [50] [51] [52] [53] . It is in this stretch of archaeological and fossil evidence that much of the baseline for what we would term distinctively human emerged. By 20 000 years ago all populations of the genus Homo on the planet are of the same subspecies (H. s. sapiens) and the pace and diversity of cultural and material change ratchets up across the Holocene (last 10 000 years or so), exploding to an even greater pace in what many term the Anthropocene (last approximately 3-5 centuries) [54, 55] .
Here I follow Malone et al. [56] and expand on Foley's [43] three transition model in offering an overview of the key evolutionarily relevant accumulations of patterns and processes that characterize particularly distinctive aspects of human evolution resulting in the development of a 'human niche' [57, 58] . It is these distinctively human characteristics that develop, in combination with one another, over the course of the Pleistocene history of the genus Homo that are of interest in assessing human (not primate or hominin) natures. The following is a core list of the key developments in the genus Homo during the Pleistocene: -a substantial expansion in brain size and neurological plasticity [50] ; -expanded cultural innovation via manipulation of extrasomatic materials as indicated by the creation of increasingly complex stone, and other material, tools via methodologies and technologies not seen in other mammals, primates or hominins [43, 50, 53] ; -accumulation of cultural complexity (including material technology) via an autocatalytic process involving feedback between creativity and transmission (ratcheting) at a level of structural and material complexity beyond that observed in other tool-using organisms [57] ; -shared intentionality, hyper-cooperation and complex theory of mind [25, 43, 58] ; -a coevolutionary interdependence between the ecological, cognitive and neural systems, and skill transmission via an apprentice model [59, 60] ; -the development of a 'language-ready brain' and the eventual emergence of language [61, 62] ; and -the Holocene and post-Holocene (Anthropocene) explosions in demography, behavioural and cultural diversity, material complexity, manipulation of other organisms (domestication) and the creation of diverse modes of extra-somatic information transfer/technology [54, 55, 57] . While components of many of these patterns can be seen in other organisms, their combination, interconnections and the ratcheting-up in complexity of their ecological impacts across the Pleistocene represents the development of a particular human niche. This niche is the context in which we can glean distinctively human patterns that might be considered components of human natures.
In contemporary ecological theory a niche is the structural, temporal and social context in which a species exists. It includes space, structure, climate, nutrients and other physical and social factors as they are experienced, and restructured, by organisms and via the presence of competitors, collaborators and other agents in a shared environment [63] . The human niche is then the spatial and social sphere that includes the structural ecologies (including other species), social partners and the larger local groups/population. But for humans, since at least the mid-to later-Pleistocene, the niches they occupy, structure and interact with also include novel perceptual contexts developed via their increasingly complex manipulation of extra-somatic materials and the patterns and modalities of communication between human individuals and communities. Homo structural and social relationships become perceived and expressed via behavioural, symbolic and material aspects in the development of human culture, creating the human niche (for elaboration on this theme and for specific details of the processes involved see [54, [57] [58] [59] [60] 62, [64] [65] [66] [67] [68] [69] [70] [71] , and for comparisons with other species see [18] [19] [20] ). The human niche, then, is the context for the lived experience of humans and their communities, where they share 'kinship' and social and ecological histories, and where they create and participate in shared knowledge, social and structural security, and development across the lifespan, and thus the human niche is the context in which rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 evolutionary processes act [6] . But how do we identify and model evolutionary processes in this ecologically, behaviourally and culturally hyper-complex niche?
Assessing human evolution (human natures):
incorporating the extended evolutionary synthesis
Given the specific history and patterns in the evolution of the genus Homo, and the particular complexities introduced by human culture, it is likely that the toolkit offered by standard evolutionary approaches may not be sufficient. Multiple authors suggest that we need an expanded toolkit to develop a richer, and more nuanced, understanding of the genus Homo and the diverse sorts of niches created and occupied by them across the Pleistocene [4, 32, 50, 72, 73] . I suggest that the EES can offer at least some of these additional tools and contexts for gaining insight into the processes and functioning of the human niche. Here I provide two examples where EES offers us an enhanced approach.
Case 1: stone tools
Gamble et al. [74] argue that we need an interdisciplinary framework to understand the specific process of amplification and coevolution of social and technological behaviour in the evolution of our genus [72, 73] . Changes in fossil and material evidence of foraging and resource exploitation offer clues to the patterns and processes in human niches and assist in modelling the processes within communities of early Homo [54, 74, 75] . Approaches relying on connecting specific behavioural or morphological traits associated with stone tool production/use with reproductive success or potential fitness outcomes, and other standard evolutionary models, have not produced sufficiently nuanced and explanatory outcomes [54, 60, 72, 74] . However, there is substantive evidence that niche construction and feedback loops involving neurobiology, ecology and behaviour are central to the evolution of tool use and creation in primates, birds and other organisms (see [76] and [77] for specific examples, and [19] for an overview). In the genus Homo such a system became a central component of evolutionary trajectories, one that gives rise to certain technological and cognitive discontinuities with other species [77, 78] , thus the application of an EES approach is warranted [54, 60, 73] While the earliest stone tool culture (the Lomekwian [79] ) appears prior to fossil evidence of the genus Homo (and may be associated with earlier hominin forms, e.g. Australopithecus afarensis, A. garhi or Kenyanthropus platyops) the role of tool creation/manipulation and its impact ratchets up significantly, relative to other animals and other hominins, in Homo across the Pleistocene. Stone tool creation and use had a substantive influence on human morphology, neuroanatomy, ecology and developmental processes [77, 80] . Recent work by Stout and colleagues [80] , by Hiscock [81] and others shows that there is a rich body of social, neurobiological and ecological information that can be extracted from the evidence offered by early stone toolkits (Oldowan and phase 1 Acheulean approximately 1.5-2.3 Ma). An EES approach to these processes, with emphasis on niche construction, multiple modes of inheritance including behavioural and ecological inheritance, offers a sharper lens and better context for analyses of these data when added to standard evolutionary approaches.
To make Oldowan tools requires a set of manipulations made possible by a specific hand morphology (precision grip and hand-eye coordination), a cognitive capacity for predicting the outcomes of hitting the stone cores in certain ways and some process of sharing information. The most common Oldowan tools are sharp stone flakes created by striking a stone core (often called a 'cobble') with another stone called a 'hammer stone'. In order to successfully construct these tools one needs to be able to do a number of things in sequence. Finding rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 appropriate raw materials is not necessarily easy. Not all stones are equally effective for making flakes as density, grain and crystal structure vary across types of rock. Making an effective tool requires searching for, locating and repeatedly going back to the same sources, or at least being able to assess the same rock types, and sizes, in order to get the best raw materials. All information that must be behaviourally conveyed and transmitted from experienced to inexperienced individuals. Making the stone tools themselves presents a series of challenges that are particularly methodologically complex and difficult to convey relative to other forms of tool use [19, 60, 78] . One must examine the core for shapes and patterns in the rock, selecting the specific site to strike the core to create the best flake. Then one has to support the core in a certain way to get a clean strike, have a specific grip on, and swing, the hammer in a specific manner. Once a flake has been detached, one has to repeat the process, but now with a modified core and a new set of possibilities: new shape of the core, new options for striking surfaces. Some authors [82] have suggested that this process of production of stone tools creates a spread of debris in the environment which in itself acts as a form of niche construction. Behavioural transmission of knapping information from experienced to novice tool makers, in the context of this lithic production landscape, necessitates a level of instruction and/or social facilitation that is multi-modal and fairly distinctive relative to other forms of tool-use acquisition across a range of species [19, 60, 78, 82] . Hiscock [81] argues for a 'niche of lithic production' in Homo that involved the development of learning environment(s) that had substantive social, material and ecological feedback loops that facilitated the creation and transmission of increasingly complex stone-manipulation processes.
Stout and colleagues [80] and Hecht and colleagues [83] recently demonstrated that learning to make Oldowan tools stimulates patterns of activity in the visual cortex and other areas of the brain, suggesting that the act of tool making affects the way certain neurological pathways respond to stimuli. This suggests that learning to make stone tools may have initiated a specific feedback process between Homo neurobiological development and behavioural activity. The areas where overall tool-making activity had the clearest effects were the supramarginal gyrus in the parietal lobe and right inferior frontal gyrus of the prefrontal cortex (areas associated with planning complex actions, advanced cognition, and possibly the development of skills in language) [80, 83] . Stout & Khreisheh [84] report that experienced contemporary stone toolmakers show increases in activity in the supra-marginal gyrus in their parietal lobe when making tools. They also found that other individuals watching the tool makers could experience some increases in activity in that brain area as well-the action of tool making, and the watching, imitating and sharing information about tool making, can set up and expand the activity and dynamics of particular areas in the brain.
Perception, cognition, neurobiology and collaboration in information transfer and environmental exploitation are entangled in a material and physiological feedback loop implicated in the creation and use of stone tools [60, 81] . This process is difficult to model under the standard evolutionary approach where the focus is often on the relative fitness value of behaviours or traits, and models rely on natural selection as the key evolutionary force. Previous work relying on developing models of the fitness benefits of making stone tools (e.g. [85, 86] ) can miss some of the critical social components of the tool-making process that are likely to be implicated in specific and significant evolutionary changes in Homo. Adding niche construction, and a central role for behavioural inheritance and apprentice-style learning [60] as causal factors, alongside selection and genetic inheritance, offers a more robust model [54, 81] .
Hiscock [81] argues that the early hominin niche of lithic production involved the development of highly scaffolded learning environment(s). That is to say, such environments are supported by the social group and developed in the context of specific modified landscapes (created via earlier tool production and use). This support facilitates the creation and transmission of increasingly complex stone manipulation processes (see [54, 60] ). The social transmission of such knowledge, and the potential for the accumulation of technologies, results in access to new, or a greater range of, resources within the local environment. As a result, scaffolded learning environments, and the transmission of knowledge and the potential for expanded resource exploitation they bring, form social, material and ecological feedback loops, which must be considered to understand human evolution. It is this context of tool production (one that is simultaneously social, material and ecological) that forefronts the role of niche constructive feedback relationships at individual and group levels constituting a core early component of the human niche. In examining such a context, the EES (specifically the processes niche construction and behavioural inheritance) offers additional theoretical pathways, and an expanded potential for modelling, extending the range of explanatory options beyond the standard evolutionary approach.
Rather than seeing this outcome (complex tool making) primarily as the result of selection focusing on particular behavioural or physiological traits it is likely that increases in brain size/neural connectivity and cognitive complexity, the extended childhood period, enhanced communication capabilities and the plasticity of brain development emerge and are interlaced via feedback systems among neurobiology, innovation, instruction/learning and increased and diversified 'tool' use in the genus Homo [77, 87, 88] . This implicates multiple systems of inheritance involving a ratcheting up of information transfer, niche construction, substantive developmental plasticity associated with learning time and neurological development, and selection acting on specific combinations of traits in a dynamic system operating at multiple levels (genic, organismal and group/population).
EES approaches to this particularly dynamic suite of relationships can assist in developing better models for the reconfiguration of, and patterns of plasticity in, different cognitive and sensorimotor processes (and the potentially related neurobiological structures) implicated in the system of stone tool making [83, 88, 89] . As such, specific areas of focus might range from aspects of a mirror neuron system, to specific canonical neurons, to specific structures such as Broca's area, the inferior frontal gyrus, or even the whole parietal cortex [89, 90] . Thinking through these systems via the EES, with its inclusion of niche construction and developmental plasticity as evolutionarily causal processes, in the context of the fossil and archaeological records in dialogue with neurobiological and behavioural analyses in living populations might enable the construction of hypotheses about neural reactivity and function related to the processes of stone tool manufacture and use that can be extrapolated to earlier Homo [83, 84, 87, 89] . Such hypotheses may provide target foci for studies of genetic and epigenetic activation and regulation which can offer rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 insight into the rates and timings of significant neuro-genomicepigenomic events in the evolution of our genus associated with tool-use/creation processes [88] [89] [90] .
The EES, with the inclusion of niche construction, key roles for ecological inheritance and multiple modes of inheritance, and an emphasis on developmental processes, offers a more dynamic suite of modelling options for connecting individual feedback systems (at the cognitive, sensorimotor and, potentially, neurological level) with subgroup-and community-level systems (behavioural and instructional) and their material records [44, 54, 91] . This is a more nuanced approach than a focus exclusively on fitness values and a strict separation of ultimate and proximate processes influencing the capacities to make tools, and at the same time it complexifies attempts that seek to focus on the potential fitness values of the tools as traits themselves.
Cultural innovation and accumulation associated with the interaction between tool creation/use and neurological systems involve high-intensity and broad bandwidth information transfer increasing across the Pleistocene [64, 87, 88] . Such niche constructing patterns facilitate the potential for rapid and dramatic changes via patterns of feedback interactions between behaviour, local ecologies, the manipulation and alteration of material items, and the development of neural architecture. Viewing these patterns as in the context of a suite of evolutionary processes, not just selection, offers a more robust and dynamic context in laying the groundwork for the development of a 'language-ready brain' and the emergence of ubiquitous symbolic, cultural behaviour in the genus Homo [54,61,65,84,87].
Case 2: warfare
Groups of monkeys occasionally fight over fruiting trees; members of different ant colonies will occasionally encounter one another and engage in physical conflicts; and many other types of animals engage in intergroup conflicts, but rarely (if ever) are they planned, organized and lethal with regularity. Humans, unlike most other organisms, engage in warfare [91] . One of the most basic definitions of warfare is: organized lethal violence by members of one group against members of another group [92] . Here 'organized' refers to premeditated, coordinated, collective action. Importantly, this definition differentiates war from homicide (single events where an individual is killed by another). Human warfare involves the use of specific tools, and can have a long temporal duration with multiple battles (actual physical conflict events) with lethal outcomes between the two (or more) warring groups. Even in this very broad definition there are very few organisms aside from humans who exhibit such behaviour.
Some (but not all) communities of chimpanzees engage in border patrols and occasional intergroup lethal attacks; however, there remains much contention about the nature and structure of the coordination, the premeditation and the patterns of occurrence across chimpanzee distribution of such behaviour [93] [94] [95] [96] . Wolves have also been reported to engage in high levels of intra-and intergroup conflict, with lethal outcomes; however, there is little evidence of consistent large-scale and long-term premeditation, coordination and consistent intraspecific lethality across wolf populations [97] . Across other species, be they primates, canids or cetaceans, the instances of intergroup conflict with lethal outcomes rarely conform to the behavioural pattern of human warfare wherein combatants in institutionalized wars do not fight primarily because they are aggressive or over individual grievances or for specific obtainable resources. Humans largely engage in warfare primarily because of perceptions, beliefs, training and the role in society they occupy [98, 99] .
Across the Pleistocene Homo brain size and complexity increased and an extreme extended childhood period and increasingly complex social structures developed [100] . Such structures, and their concomitant ecological and technological outcomes, eventually altered the landscape of human evolution in especially distinctive ways, resulting in increasing group sizes, higher population densities and more diverse patterns of social interactions; human groups got larger and more structurally complex [74] . One outcome of this increasingly complex social group living is the development of the human capacity for warfare. Warfare as a species-wide behavioural complex is distinctive to humans (for at least the last approximately 10-14 000 years) [101] .
Broadly accepted evidence of warfare coincides with a suite of particular demographic and behavioural patterns including increased densities and group sizes, resource storage, increased intra-and intergroup stratification and sedentism/agriculture [91, 101] . However, there is much disagreement about the origins of warfare and whether or not it has deeper roots in the Pleistocene; in short, whether prehistoric interpersonal violence can be considered warfare, a topic that is highly debated [91, 96, 101, 102] . However, there is little debate on the point that the development of organized warfare has been central to recent human evolution [91] . Understanding the emergence of warfare, as an organized and premeditated act, can only be achieved by understanding how inherited technologies and ideas likely formed feedback loops that then influenced the evolution of societies. The standard evolutionary approach does not incorporate such feedback loops and reciprocal causal processes due to its reliance on selection as the sole architect of adaptive processes and its steadfast distinction between proximate and ultimate causation. The expansion of potentially relevant processes by the EES allows for the modelling of complex feedback loops and the inclusion of reciprocal causation chains enabling a more full engagement with human cultural, ecological, economic and political processes.
Looking across the skeletal evidence of the genus Homo from the Pleistocene only 11 of the 447 sites, or approximately 2.5%, have fossils that show evidence of serious trauma [102, 103] . The overall database used to assess this pattern includes the remains from at least 2605 individuals, and of these only 58, or approximately 2%, show any evidence of traumatic violent injury [101] [102] [103] . Thus, approximately 98% of the fossil evidence for the genus Homo between approximately 2 million years ago and approximately 15 000 years ago show no sign of traumatic, lethal violence [91, 101] . This is not to say that violence did not occur, as there is some evidence of violent trauma in the Pleistocene [103, 104] . A cranium from Sima de los Huesos dating to about 430 000 years ago has two depression fractures on the frontal bone (forehead) [105] , the Shanidar 3 Neandertal, from Iraq, has a cut rib, and an Upper Paleolithic Homo sapiens from Sunghir 1 has a damaged neck vertebrae. Maba 1 (from China) and Dolní Věstonice 11/12 (in the Czech Republic) have healed damage that also might be good examples of interpersonal violence [103, 104, 106] . However, this small dataset does not offer much insight for the pre-Holocene period (before approximately 8-14 000 years ago) regarding the occurrence of inter-individual violence as a result of intergroup lethal conflict. In fact, given the current fossil datasets, there is no clear evidence of coordinated intergroup lethal violence in the Pleistocene fossil record and insufficient data to argue that inter-individual conflict was a major cause of mortality for most Pleistocene Homo populations [101, 104] . Recent reviews [106] demonstrate that in the PleistoceneHolocene transition (approximately 14 000 to 8000 years ago) violent trauma, at what appears to be a group level, becomes more common in the archaeological record and that during the Holocene Neolithic (8 -4000 years ago) substantially more human skeletal remains show signs of violent trauma [101, 104] . Individuals with identifiable violent injuries become increasingly common at Neolithic sites and this has been interpreted as the result of organized and lethal conflict between groups [102, 107] .
The earliest solid evidence of intergroup lethal violence comes from two sites: Jebel Sahaba in Northern Sudan dating to approximately 14 000 and 12 000 years ago and Nataruk, a site west of Lake Turkana (Kenya), dating to approximately 9-10 000 years ago [108, 109] . At Jebel Shaba roughly 40% of the 59 bodies are interpreted as showing evidence of traumatic violence [109] . At Nataruk 27 individuals, and 12 full bodies were discovered. Ten of the 12 complete skeletons show signs of lethal violent trauma [108] . A similar case comes from Ukraine and the sites of Voloshkoe and Vasilyevka, dating between 12 000 and 10 035 years ago ( [110] , see also [111, 112] ). In each of these cases the humans killed were foragers in particularly rich local ecosystems. Interestingly, these sites also date to a period of rapid climate change [110] . A suggestive hypothesis is that survival pressure and an inequality in access to the best locales and resources primed groups for violent conflict [104] . However, despite these examples, most archaeological sites of the time period do not show signs of intergroup, lethal violence. Up until about 7500 years ago, clear evidence of larger scale, coordinated lethal violence between humans is relatively rare, but by 6-7000 years ago there is a steady increase in the density of unambiguous evidence of coordinated, relatively large-scale killing [92, 101, 104, 112] .
Numerous studies demonstrate that the emergence of more complex societies, sedentism, increasing demographic pressures and inequality are correlated with the appearance of evidence of intergroup lethal violence and warfare [101, 102, 104, 113] . While there has been some facile comparisons between these patterns and the general notion of territoriality and conflict in other organisms, the patterns, pace, characteristics, scale and intensity of the human expansion at this time period and its concomitant association with increased evidence of warfare is currently seen as a distinctive process relative to territorial conflict in other species (see overviews of this discussion in [91, 101, 114] ).
When agricultural settlements become common in the Holocene they are accompanied by increasingly strong evidence for group identity, increased storage capacities, enhanced physical and social obligation to place, the potential for increased/more complex trading relationships between groups, and increased inequality [111, 115] . The expansion of the human niche to include domestication and sedentism created new ecologies, expanding the opportunities and incentive ( pay-offs) for violence [111, 115] . Hierarchies in status, wealth and power and the control and management of larger surpluses of food, and the division of land and other protectable resources, created ecologies and altered patterns of gene flow and material exchange [91, 92] . These restructured the fitness implications of conflict behaviour, and lethal violence, and increased options and incentives for conflict, greed, distrust and violence. Bowles and Choi [115] note the coincidence of sedentism, agriculture and storage practices with the emergence of symbolic and behavioural processes associated with the concepts of 'property'. They argue that this produced specific patterns of ecological and symbolic inheritance and novel opportunities, and pay-offs, for collaboration and conflict between human groups.
Key to the ability to conduct warfare that involves the use of specific tools, and has long temporal duration with multiple battles and outcomes between the two (or more) warring groups, is the capacity to develop an extreme sense of shared community, social coordination and a will to engage in highly risky behaviour for the community. How do human groups maintain such a sense of cohesion and coordination concomitant with the increased stratification of individuals and roles emerging in societies at this time? The tendency (or even the capacity) to engage in warfare is unlikely to be a specific trait, or even a suite of physiological or behavioural traits, that can be targeted via direct selection, as there is little, none or a negative correlation between participation in warfare and fitness (direct or inclusive) across populations where it has been assessed [114, 116] .
One mechanism to facilitate the emergence of a human capacity to engage in warfare that is evident in the archaeological record (and in the ethnographic record) is the development of symbolic identities and ritual practices creating and reinforcing group identities (and ideologies), which can be a central feature in behavioural and symbolic inheritances [117] , and social niche construction [44] .
Given the core role of cooperation in human evolution, a sense of group identity that could be co-opted and deployed to get individuals to engage in warfare is likely to be very old in the human lineage, dating to at least the middle Pleistocene [88, 100, 118] . However, increasing role differentiation in groups and the development of clans and lineages who leave material and symbolic evidence is much more recent. The earliest material evidence for symbolic behaviour that can be attributed to group identity construction dates to at least approximately 2-300 000 years ago, and becomes much more common by 45-80 000 years ago, still well before any evidence of warfare [119] . However, it is not until the terminal Pleistocene that we see evidence in archaeological sites of all of these variables coming together alongside sedentism, increasing stratification, consistent storage practices, and the emergence of specific symbolic and behavioural processes associated with the concepts of property [101] .
It appears that at some point in the terminal Pleistocene/ early Holocene a suite of social, perceptual, behavioural and ecological facets of the human niche coincided in multiple regions resulting in a critical juncture in human history; the development of new human ecologies wherein inherited landscapes and materials involved symbolic identities and structured ecosystems of ownership, inequity and increasing group sizes. Add to this the emergence of institutionalized differences within and between groups and the increasing collective complexity manifest in the increasing specialization and diversity of societal roles and one can see that the template for a broader emergence of warfare is present [91, 101, 115, [120] [121] [122] . Given the scenario laid out here, selection-only models for the emergence of such systems fall short, rsfs.royalsocietypublishing.org Interface Focus 7: 20160136 as do facile comparisons with non-human animal conflict patterns [101, 104, 113, 123, 124] . The diversity of evolutionary processes mutually interacting in the EES offer a greater toolkit to assess and model the core evidence for the emergence of warfare. The physical remains that emerge around, and subsequent to, the early evidence of warfare such as the construction of defensive structures and landscapes, surpluses of food and other goods, trade relationships, material evidence of strong group identities, higher density residential structures, structural inequalities, and the diverse and symbolically complex skeletal evidence of large-scale, coordinated lethal conflict, offer robust focal points to be incorporated into testable models that combine selection, niche construction, symbolic inheritance and other evolutionary forces in the EES.
For most of human history lethal violence probably took the form of homicides from revenge killings, fights over mates and domestic disputes [113, 114] . In such disputes one, or a few, individuals were targeted. But the social, ecological and perceptual changes in human niches across the terminal Pleistocene and Holocene provided the context for the emergence of incentive and justification for group-level violence without identifying specific individuals as the targets [114, 121] . Humans made the mental shift from individualon-individual violence to the possibility of perceiving another group as 'the enemy', creatively de-humanizing them [114] . The EES offers a richer and more effective evolutionary framework with which to assess and model such changes.
Looking forward
In light of the aforementioned complexity in human nature(s), human evolution can only be properly understood by modelling the development of the evolution of social complexity, including cultural and demographic processes well as changing morphologies. These processes interface with multiple sets of feedback loops that structure the trajectory of human evolution.
The webs of action and perception, memory and history, items and ideas, which humans are entangled in are a dynamic and fundamental constituent of a human niche. A niche that is simultaneously constructed by, and constructing of, human experience and thus highly evolutionarily relevant [6] . Human action and perception are as evolutionarily relevant as human genes, bones and muscles, and we need a body of theory that reflects this complexity [125] . The current state of human societal complexity requires effective models that can account for both 'the many scales of behaviour of a system and the interplay between environmental and system properties and their dynamic behaviour patterns' [122] .
There is little doubt that the standard evolutionary approach has brought us a long way in assessing and understanding human lineage distinctiveness and offered substantive insight into the processes of human evolution, and thus into human natures. However, as we gather increasingly rich data from human histories, cultures, ecologies and behaviour it is obvious that we need a more integrative toolkit [24, 122] . The EES offers critical components of such a toolkit in that it:
retains the fundaments of evolutionary theory, but differs in its emphasis on the role of constructive processes in development and evolution, and reciprocal portrayals of causation. In the EES, developmental processes, operating through developmental bias, multiple modes of inheritance and niche construction, share responsibility for the direction and rate of evolution, the origin of character variation and organism-environment complementarity [8] .
Human natures as both a question and an answer has been and will continue to be a topic of scholarly inquiry. In order to achieve a better template for integration across diverse fields we need an evolutionary theory that both best reflects the data available and provides the intellectual tools to weave together narratives of meaning that are robust enough to withstand scientific analyses but not be constrained to always shrink complexity to an explicitly selectionist explanation. A core challenge to this integration is the development of a heuristic that includes an evolutionary framework that engages with the complexity of human systems and recognizes the fluid and entangled interfaces between individuals, groups and community-level dynamics across cultural landscapes and evolutionary time scales. Such an approach must be able to take both biology and social histories into equal account, without necessarily collapsing one into the other. Instead of thinking of human biological and cultural processes as distinct, we need to see them as intertwined and integrated in our quests to understand human nature(s). Contemporary evolutionary theory, as epitomized in the EES, offers us strong options for such attempts. 
